Environmental factors and terrain
affect smoke cloud behavior. Steer-

Meteorological conditions that
have the most effect on smoke
screening and munitions expendi-
tures (including the deployment of
smoke generators) include wind,
temperature gradients, humidity,
precipitation, and cloud cover.

Wind

The weather condition with the
greatest impact on smoke opera-
tions is wind. Both wind direction
and wind speed play a significant
role in almost everything that deals
with smoke operations. These fac-
tors are important in estimating
equipment, munitions, and fog oil
requirements for a smoke opera-
tion.
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SMOKE
OBJECTIVE

Figure 17. Classification of wind directions.
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Appendix F

Weather and Terrain

ing winds, temperature gradients
and the type of terrain are impor-

Weather

Wind direction determines where
smoke must be released and where
it will travel. Basically, there are
four different types of wind direc-
tions that affect smoke operations:
head winds, tail winds, flanking
winds, and quartering winds.
Favorable wind directions in rela-
tion to the smoke objective are the
tail, quartering, and flanking winds
(see Figure 17). _

Head winds are those blowing
from the smoke objective directly
toward the smoke source and are
unfavorable for smoke generator
operations.

ail winds, the most favorable for
smoke operations, blow toward the
smoke objective from behind the
smoke source.

Flanking winds blow
directly across the
smoke objective and
the smoke source and
are generally favorable
for smoke operations.

Quartering winds
blow between the
other winds toward
the smoke objective.

[t is important to

make the distinction

hetween those surface
wind directions just
discussed and steering
winds. Steering winds
occur between 6
meters and 200 meters
ahove the earth’s sur-

tant for accurately predicting smoke
cloud travel.

face. They are the winds that actual-
IK carry the smoke and determine
the direction of smoke travel.

Wind speed has as much influence
on smoke behavior as wind direc-
tion has. Low wind sEeed or calm
conditions allow smoke to remain in
the target area for a longer period
of time. In addition, some types of
smoke behave differently at dif-
ferent wind speeds. For example,
WP tends to pillar if winds are less
than 9 knots (17 kilometers per
hou(?. HC smoke rises when the
wind speed is less than 4 knots (7
kilometers per hour), and it is torn
apart by wind speeds over 13 knots
g 4 kilometers per hour). Smoke
rom mechanical smoke generators
may be effective in higher wind
speeds because of the great volume
produced.

Temperature Gradients

Temperature, by itself, has no
direct relationship with making ef-
fective smoke. It does, however,
have an indirect relationship, which
is a result of temperature gradients.
Temperature gradients are deter-
mined by comparing the air
temperature at .5 meter above the
ground with the air temperature at
4 meters. Three types of tempera-
ture gradients influence smoke: un-

stable (lapsg),-neutral and stable
(invers(|on) next page).
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Unstable. An unstable (lapse) con-
dition exists when air temperature
decreases with an increase in al-
titude. This condition is charac-
terized by vertical air currents and
turbulence. Thus, smoke tends to
break up and become diffused.
Lapse conditions are best for
producing smoke curtains,

Neutral. A neutral condition exists
when air temperature shows very lit-
tle or no change with an increase in
altitude. Neutral conditions also
exist when the wind speed is
greater than 9 kilometers per hour.
Under this condition, vertical air
currents are very limited. Neutral
conditions are best for smoke hazes
and smoke blankets; however, this
is not the most favorable tempera-
ture grad|ent for smoke. _

Stable. A stable (inversion) condi-
tion exists when the air temperature
increases with an increase in al-
titude, This condition greatly limits

may reduce visibility at ground
level. Inversion conditions are excel-
lent for smoke hazes and smoke
blankets but only if there is enough
wind to carry the smoke over the
target area.

Humidity

Practically all smoke particles ab-
sorhb moisture from the air. Mois-
ture increases particle size and
density and makes the smoke more
effective. Most smoke munitions
produce a denser (thicker) smoke
when the humidity is high than
when it is low; therefore, high
humidity is generally favorable for
smoke employment (Table 32).

Precipitation

Since light rains
decrease visibility,
less smoke gives

snow reduce visibility; therefore,
smoke is rarely needed for conceal-
ment during those conditions. When
used during periods of precipita-
tion, smoke tends to remain close
to the ground and spread out over
a large area.

Cloud Cover

The amount of clouds in the sky
gives an indication of how smoke
will act on the battlefield. The
general rule is when the sky is
covered with clouds, the atmos-
phere is relatively stable, and the
conditions are generally favorable
for making smoke.

Table 33 on the next page,
provides a summary of favorable
and unfavorable conditions for
smoke production.

Table 32. HC and WP smoke yields in various humidities.

vertical air currents. A smoke cloud concealment :
produced during inversion condi- during these rains. Relative HE WP
tions lies low to the ground and Heavy rains and Hiumidity
o Effectiveness Effectiveness
Time of Day and Temperature Smoke Behavior (Percentage) (Percentage)
Weather Conditions Gradient (Wind Direction-»)
- - 0 100 100
Night—until 1 hr after sun- Stabl
rise. Wind speed is less than 1 an'e 10 146 353
9 kmph (5 knots). Cloud (inversion) m
cover less than 30%. (ideal) 20 152 372
Day —most often between 1 30 159 391
to 2 hr before and after sun- Narstral N
rise. Wind speed is 9 kmph S 40 173 411
(5 knots) or more. Cloud (Favorable) 4
cover is 305 or more. J 50 189 434
Day —beginning 2 hr after 80 211 4
sunrise. Sind speed is less U:'_t:table 1’?"- b < i
than 9 kmph (5 knots). JLapse) 70 240 510
Cloud cover is less than 30%. | W =9"™ ———— — —
80 325 588
90 572 785

Figure 18. Temperature gradient effects on smoke.

Since smoke is carried by the
wind, it usually follows the contours
of the earth’s surface. Therefore,
the type of terrain over which the
smoke travels has a tremendous im-
pact on how effective the smoke
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Terrain Effects

coverage will be in a specified area.
Smoke will act differently over the
different types of terrain.

Flat, Unbroken Terrain
and Over Water

On flat, unbroken terrain, and
over water, the individual smoke
streamers take longer to spread out
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and mix with other streamers.
Therefore, the uniform phase will

usually develop a greater distance
downwind.

Obstructions

Obstructions, such as trees and
small buildings, tend to break up
smoke streamers. These streamers
re-form, cover a much larger area,
and eventually create a more

uniform screen. This uniform screen

develops much quicker and closer

to the smoke source than if the ter-

rain were open. A wooded area,
which contains an abundance of
obstructions, is the most favorable
type of terrain for smoke generator
operations.

Large Hill Masses
and Mountains

Steep hills and mountains tend to
split winds. The winds eddy around
the hills and mountains as well as
over them. Large hill masses and
rugged terrain cause strong cross
currents. These currents disperse
smoke excessively and create holes
and unevenness in the smoke
screen. In addition, thermally in-
duced slope winds occur throughout
the day and night. These conditions
make It extremely difficult to estab-
lish and maintain a smoke screen.
Wind currents, eddies, and tur-
bulence in mountainous terrain
must be continuously studied and
observed.

Slopes and Valleys

In areas where there are valleys
and other types of slopes, the
climatic conditions are usually dif-
ferent at different times of the day.
These areas are characterized b
thermally induced slope winds that
occur throughout the day and night.
During the daytime, the heating ef-
fect causes these winds to blow up
the slope, and they are referred to
as up-sloge winds. At night, the
cooling effect causes the winds to
blow down the slopes, and they are
called down-slope winds. This Is a
very general rule; however, it is one
which needs to be kept in mind
when planning smoke operations.

Table 33. Evaluating conditions for smoke employment.

Bl mmndal
Factor Unfavorable "F;;“:;;;;g Favorable
Wind More Than 10 knots Less Than 10 Knots 5 to 10 Knots
. Unsiable Stable
Atmospl-lenc (Lapse) Lo (Inversion)
f t?bllny (Favorable for Neutral (Unfavorable for
Lategory Smoke Curtain) Smoke Curtain)
Humidity Low Moderate High
Precipitation None Light Rain Mist/Fog
Cloud Cover None Scattered Overcast, Low Ceiling

Gently Rolling
bt b

Complex Topography

O mvnm o Almenn
opdaIse Ul Nune

Heavily Wooded

Vegetation (Desert) Medium Dense or Junglht:w
" Late Morning thru . . 1 Hour Before EENT
Time of Day Midmorning to 4 Hours After BMNT
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